Abstract: Various type of soils have been identified based on their electrical and magnetic properties, especially with regards to peat soils. Peat soils are commonly considered as partly decomposed vegetation. In this study, electrical and magnetic properties have been used in K-means clustering to identify layers of peat soils. K-means clustering is a partitioning method that treats observations in the data. Data cores were obtained at every centimeter and examined for their electrical conductivity (σ) and magnetic susceptibility (χm) properties. A 291 cm core was obtained at Tegal Arum Village in South Kalimantan, Indonesia. The K-means clustering results indicate two different layers at 148 cm, and this is supported by loss on ignition (LOI) measurements. In the first layers, a 87.65% LOI was found associated with peat soils (above 248 cm). Whereas, in the second layers, there was a 26.11% LOI associated with mineral soils (below 248 cm). The results of this study using K-means clustering can be used to delineate soil layers.
Introduction
The study of peat soil has developed rapidly to be able to determine carbon emissions, especially in the peatlands of Indonesia [1] [2] [3] [4] [5] [6] [7] . A large amount of carbon emission is produced by peatlands, which is mostly determined by the depth or the thickness of the peat [1, 2, 8] . Accurate information parameters on the depth and the thickness of the peat must be used in this research. Determination of depth or thickness of peat soil is usually done by direct measurement [9] or by using the geophysical method [1, 9, 10] .
Furthermore, the characteristics of peat or organic soil are also influenced by the electrical conductivity (σ) properties and susceptibility magnetic (χm) properties. The σ properties of the soil are also influenced by organic matter content, water content, and clay content [11, 12] . The more organic contents in the peat, the higher the σ [13] [14] [15] . In magnetism, the χm properties of the soil also has a correlation with organic content: χm decreases as organic matter content increases. This is the same as research in eroded areas in Sakatchewan, Canada [16] . In the studies of land conducted by Hanesch and Scholger [17] and Hanesch et.al [18] , it was concluded that soil with more organic content had a smaller χm. This is the same result as in the study of Hošek et.al [19] . Rothwell and Lindsay [20] charted the Alport More area in the UK in the terms of the relationship between peatland and χm values. Their results indicated that the presence of peat or organic soil was characterized by lower χm values.
The cluster K-means method is the most effective for clustering, and it can be applied in various studies [21] . The cluster K-means method has been applied to analyze topography and soil data [22] , water classification [23] , transportation [24] , electricity consumption [25] [26] [27] , tumor areas in the field of medicine [28] , and validate the existence of oil palm plantations [29] . K-means clustering determines the landslide boundary in the Three Gorges area in China [30] . The cluster means method divides the segments based on similar data. In this study, it is expected that data collected from one layer will be the same, while the data will differ from other layers. The parameters σ and χm are used to analyze and characterize the soil effectively. In this study, K-means clustering determines the boundary peat soil layer based on electrical and magnetism properties.
Materials and Methods
The study area is located at the Tegal Arum Village, 31 km from Southeast Banjarmasin in Indonesia. This study was conducted during the dry season in June 2015, and the geographic coordinates of this site are given by 03° 25' 19.6" S and 114° 45' 55" E with an elevation of 50 m a.s.l (as shown in Figure 1 ). 
Soil Samples
Soil samples were taken from the field using a 4 cm diameter hand auger. Then, the soils were dug down vertically to 3 m in depth using the hand auger in 0.5 m intervals. The hand auger must be cleaned before and after using it so that the samples of soils are not contaminated by another sample.
Then, samples were wrapped with aluminum foil before being stored in PVC pipes so that the moisture remains. In the laboratory, σ measurements of the samples were conducted per 1 cm using the EM 50 data logger. For χm measurements, samples were sliced 1 cm thick and placed in cylindrical plastic holders (2.5 cm in diameter, 2.2 cm in height). The mass of each sample was measured using an OHAUS analytical balance. After that, each sample was measured for mass and then measured for its χm using the Bartington MS2 magnetic susceptibility system (Bartington Instruments Ltd., England) with an MS2B sensor set to a frequency of 470 Hz. The soil samples were analyzed in a chemical laboratory, TekMIRA (Research and Development Center of Mineral and Coal Technology) using loss on ignition LOI measurement with an ASTM-D2974 standard. For the measurement of LOI, the first step was to heat an empty cup then put it into the furnace at 800-900 °C for 30 minutes. Then the cup was inserted into the desiccator for 15 minutes and weighed (weight A). After that, the soil sample (1 g) was put into a cup and weighed (weight B). Next, the cup with the soil sample was inserted into the furnace at 800-900 °C. After that, the sample was inserted into the desiccator and re-weighed as weight C. The LOI content was calculated using the formula
Note the sample soil had been dried for 1 hour at 100-110 °C.
K-Means Cluster Method
The cluster method is used in the separation of random data into several clusters based on heterogeneous data. One group must have homogeneous data. There are several types of cluster methods. The K-means method is effective in clustering more than 100 data. The K-means cluster chooses the number of clusters K randomly and more K cluster center locations. The distance of each data point to the central data was calculated by finding the smallest distance between each point to each centroid. The new centroid is calculated by finding the smallest distance between input vectors and the centroid vector, and this is repeated until iteration to convergence. The iterate determined the criteria for updating new cluster centers. In maximum iterations, it determined the maximum number of the iterations. Convergence criterion was used to decide when to close the iteration process.
Results and Discussions

Magnetic Susceptibility (χm) and Electrical Conductivity (σ) Properties
The measured χm properties range from −2.4 to 68 x10 −8 m 3 /kg, as shown in Figure 2a . The soil from 0-5 cm depth has the maximum χm properties. There were minimum and negative χm properties at 6 to 147 cm depth, and soil below 147 cm had positive χm properties. The σ properties differ from the χm properties. Up to 185 cm in depth, there is an increase of the σ properties. The σ properties were lower at 185-237 cm depth. Below 237 cm depth there is an increase of the σ properties. The boundary layers could not be determined based on the measurement of the properties, so the boundary layers can be determined using cluster method. There were 272 data points for the χm and the σ properties because more than 100 data points are needed to use the K-means cluster method effectively.
K-Means Cluster Analysis
The data of the χm and the σ properties have large ranges of value (as shown in Figure 2a ). To improve the efficiency of the process, the K-means cluster used SPSS analysis and, for this, the data must be normalized. This is shown in Figure 2b . In K-means clustering, the researcher designates the number of clusters. We used two clusters. This means two layers. The first step chose the first centroid for each of the χm and the σ properties in minimum and maximum values (shown in Table  1 ). Table 1 showed that there were two clusters for the χm properties with the minimum values in cluster 1 and maximum values in cluster 2. For the σ properties, the maximum values were in cluster 1 and the minimum in cluster 2. In the second step, the results of the minimum and maximum values from first centroid are re-calculated with each iteration to find new centroid. This analysis determined 15 iterations (as shown in Table 2 ). The iteration is re-updated automatically when the centroid finds the right centroid for each cluster. The number cluster is determined to be accurate if 15 iterations have the convergent centroid obtaining 0 (zero). Determination of the number cluster is done to analyze the data [30] . The iteration is in 15 iterations; however, the convergent criteria obtains 0-13 iterations. Therefore using two clusters for this data has been appropriated. Results of the K-means cluster iteration showed that the final centroid for each cluster (see Table 3 ). The number cluster is shown in detail in Appendix A. It can be seen that the data above 248 cm in depth is in cluster 1, except for 1 and 2 cm data which was included into cluster 2. Cluster 2 is comprised of the data below 248 cm. The results of clustering are two layers of sample soil with the boundary layer at 248 cm (as shown in Figure 3 ). Layer 1 is above 248 cm and has the lowest and negative χm and σ properties. Layer 2 is below 248 cm and has higher and positive χm and σ properties. The χm property changes of soil are affected by how much magnetic mineral are in the soil samples. The soils with higher organic matter content or lower magnetic mineral have lower χm properties [17] [18] [19] . Layer 1 with lower χm properties is associated with peat soil because lower χm properties tend to show diamagnetic properties, such as in peat [31] . The σ properties of peat soil are lower than mineral soil [32] or the resistivity of peat soil is higher than mineral soil [1] . Resistivity properties can be applied in the analysis of the organic content of soil because the σ properties are contrary to resistivity [33] . Layer 2, shown in Figure 3b , has the higher χm and σ properties associated with mineral soil.
Measuring the LOI content is a direct method to determine the organic content of soil [34] [35] [36] . The LOI measurement is a simple and a cheap method to determine organic content [37] . The soil sample has more than 75% organic content, and it is associated with peat soil [38] . Wüst et al. [39] categorized the soil sample in Tasek Bera Basin, Malaysia with LOI content of >45%, which i associated with peat soil. In any case, tropical peat has a higher LOI content and C-organic content [3] . Lupachev et al. [40] showed that the soil in Turbic Cryosol in Russia with humus and organic soil has 8-35% LOI content, which is associated with mineral soil. The results of this study showed that there are two layers: layer 1 with 86.80% LOI content and layer 2 with 26.11% LOI content. According to the results, layer 1 was associated with peat soil and layer 2 with mineral soil. Distribution of the σ and the χm properties against depth was shown in Figure 3a , and the layering with the peat layer (represented by a triangle mark) and the mineral layer (represented by a circle mark) is shown in Figure 3b . 
Conclusions
K-means clustering is more effective for a larger number of data, but the data must be normalized. The K-means cluster is efficient in delineate layering of a soil sample. The soil sample is divided into two layers, namely a peat soil layer and a mineral soil layer. The magnetic susceptibility and electrical conductivity properties of peat soil are lower than mineral soil, and they are appropriated with organic content as shown using the LOI test. 
